Inhibition of morphine tolerance by NMDA receptor antagonists in the formalin test.
5-Nitro-6,7-dimethyl-1,4-dihydro-2,3-quinoxalinedione (ACEA-1328) was characterized in vitro for antagonism of excitatory amino acid receptors, and subsequently tested in vivo and compared with MK-801 for phencyclidine (PCP)-like motor stimulation, antinociception, and effects on morphine tolerance in mice. Assayed on rat cerebral cortical glutamate receptors expressed in Xenopus oocytes ACEA-1328 showed potent (Kb approximately 40 nM) antagonism at NMDA receptor/glycine sites and moderate (Kb approximately 3 microM) antagonism at non-NMDA receptors. In both cases inhibition was predominantly competitive. ACEA-1328 was weak, or inactive, at NMDA receptor glutamate recognition sites, metabotropic receptors and opioid binding sites. In the formalin and rotarod tests ACEA-1328 and MK-801 produced both antinociception and disturbances of motor coordination. MK-801 caused a PCP-like motor stimulatory effect, whereas ACEA-1328 was devoid of such an effect. In tolerance studies, ACEA-1328 and MK-801 each blocked morphine tolerance in the formalin test, the effect of ACEA-1328 was dose-dependent. Our data contribute to a growing body of evidence which suggests that activation of NMDA receptors is critical for the development of opioid tolerance, and that antagonism at NMDA receptor/glycine sites may have potential as a means of diminishing tolerance with no PCP-like motor stimulatory side effects.